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Krz gr wd{hv lq xhqfh exvlqhvv f|fohvB Dq rog lqvljkw gxh wr wudglwlrqdo Nh|qh0
vldq wkhru| lv wkdw wd{hv/ zklfk ghshqg srvlwlyho| rq lqfrph/ vhuyh dv dxwrpdwlf
vwdelol}huv e| uhgxflqj hhfwlyh ghpdqg lq xswxuqv dqg lqfuhdvlqj hhfwlyh ghpdqg
lq grzqwxuqv1 Wkh uhvxow lv lqwxlwlyho| dsshdolqj exw/ dv dujxhg irufhixoo| e| Ox0
fdv dqg klv frooderudwruv/ wkh zkroh iudphzrun exlogv rq d wkhruhwlfdoo| xqirxqghg
dvvxpswlrq ri uljlg sulfhv1 Dv d uhvsrqvh wr wklv fulwltxh/ Qhz Nh|qhvldq wkhru|
kdv vkrzq wkdw sulfh uljlglw| pd| dulvh ehfdxvh ri vpdoo sulfh dgmxvwphqw frvwv dqg
hpslulfdo uhvhdufk kdv vkrzq wkdw wkhvh vr0fdoohg phqx frvwv duh zlwklq uhdolvwlf
olplwv/ vhh Ohy| hw do1 +4<<:, dqg Gxwwd hw do1 +4<<<,1 Frqvhtxhqwo|/ wkh wkhru|
uhvxuuhfwv pdq| ri wkh wudglwlrqdo Nh|qhvldq uhvxowv/ iru h{dpsoh wkdw qrplqdo gh0
pdqg glvwxuedqfhv pd| jlyh ulvh wr lqh!flhqwo| odujh  xfwxdwlrqv lq rxwsxw/ vhh
h1j1 Urphu +4<<6,1 Lq wklv sdshu zh dvn li wkh rog Nh|qhvldq lghd ri dxwrpdwlf
vwdelol}huv dovr fduulhv ryhu wr Qhz Nh|qhvldq wkhru|1
Wr rxu nqrzohgjh rqo| rqh suhylrxv sdshu/ Djhoo dqg Glooìq +4<<7,/ kdv dqdo|}hg
wklv lvvxh1 Wkh| vkrz wkdw wkh lqh!flhqflhv suhvhqw lq Qhz Nh|qhvldq prghov fdq
eh uhphglhg e| Sljrxyldq wd{hv dqg vxevlglhv/ dqg frqfoxgh pruhryhu wkdw
Wkh ghulyhg srolf| uxohv duh nlqguhg lq vslulw wr vwdqgdug Nh|qhvldq
srolf| suhvfulswlrqv= surjuhvvlyh wd{hv pd| vhuyh d xvhixo sxusrvh lq
frpedwlqj zdvwhixo hfrqrplf  xfwxdwlrqv1 Djhoo dqg Glooìq +4<<7,/
Devwudfw/ s1 4441
Krzhyhu/ lq wkhlu qrupdwlyh dqdo|vlv wkh rswlpdo pdujlqdo dqg dyhudjh lqfrph
wd{ udwhv duh qhjdwlyh/ vr wkdw lqfrph lv hhfwlyho| vxevlgl}hg/ dqg wkhvh vxevlglhv
duh wkhq qdqfhg lq d oxps vxp idvklrq1 Frqvhtxhqwo|/ surjuhvvlyh wd{dwlrq lq
wkh Djhoo dqg Glooìq whuplqrorj| uhdoo| phdqv vxevlgl}lqj lqfrph dw d ghfuhdvlqj
pdujlqdo udwh14 Dffruglqjo|/ wkhlu uhvxowv gr qrw jlyh dq| lqglfdwlrq rq krz uhdo0
zruog wd{ v|vwhpv dhfw wkh exvlqhvv f|foh1 Wklv sdshu dlpv dw grlqj vr e| pdnlqj
4Lq rughu wr vhh wklv/ qrwh iurp wkhlu htxdwlrqv +45, dqg +49, wkdw wkh wzr rswlpdo wd{ sdudp0
hwhuv duh fkdudfwhul}hg e| ￿3 A 4 dqg ￿4 ? 41 Dv uhdo lqfrph lv dozd|v ehorz rqh lq htxloleulxp/
wklv lpsolhv iurp htxdwlrq +:, wkdw hdfk lqglylgxdo uhfhlyhv d vxevlg| dv d ixqfwlrq ri uhdo lqfrph1
Lq idfw/ lw lv txlwh plvohdglqj wkdw wkh dxwkruv fdoo ￿3 dqg ￿4 wd{0sdudphwhuv dqg W oxps0vxp
wudqvihuv iurp wkh jryhuqphqw dv wkh ￿ sdudphwhuv ghwhuplqh wkh vkdsh ri d vxevlg| ixqfwlrq
zkloh W lq htxloleulxp lv d oxps0vxp wd{1
4d srvlwlyh dqdo|vlv ri wkh lpsdfw ri wd{hv lq Qhz Nh|qhvldq wkhru|1 Wr eurdghq
wkh vfrsh zh pryh wkh dqdo|vlv iurp d vlpsoh iduphu hfrqrp| wr d pruh uhdolvwlf
vhwwlqj zlwk erwk upv dqg zrunhuv dqg/ lq dgglwlrq/ zh h{dplqh wkh lpsdfw ri
glhuhqw w|shv ri wd{hv vxfk dv surw wd{hv/ vdohv wd{hv/ sd|uroo wd{hv/ zdjh lqfrph
wd{hv/ dqg ydoxh dgghg wd{hv1
Lq jhqhudo/ rxu frqfoxvlrqv duh rssrvlwh wr wkrvh ri Djhoo dqg Glooìq +4<<7,= wd{hv
frqwulexwh wr sulfh dqg zdjh vwlfnlqhvv dqg/ ixuwkhupruh/ wkh zhoiduh frqvhtxhqfhv
ri qrplqdo glvwxuedqfhv duh pdjqlhg e| wkh suhvhqfh ri wd{hv1 Wkh lpsdfw ri wkh
ydulrxv nlqgv ri wd{hv glhuv/ krzhyhu1 Surw wd{hv/ vdohv wd{hv/ dqg ydoxh dgghg
wd{hv frqwulexwh wr sulfh uljlglw|/ zkloh zdjh lqfrph wd{hv dqg ydoxh dgghg wd{hv
frqwulexwh wr zdjh uljlglw|1 Ilqdoo|/ sd|uroo wd{hv duh qhxwudo iru wkh rffxuuhqfh
ri sulfh dqg zdjh uljlglw| exw/ olnh wkh rwkhu w|shv ri wd{hv/ wkh| frqwulexwh wr dq
hqodujhphqw ri wkh zhoiduh  xfwxdwlrqv1
Wkh qh{w vhfwlrq vhwv xs d prgho ri lpshuihfw frpshwlwlrq lq jrrgv dqg oderu
pdunhwv1 Dsduw iurp wkh lqwurgxfwlrq ri d wd{ v|vwhp/ wkh prgho lv hvvhqwldoo|
vlplodu wr wkh vwdqgdug iudphzrunv ri Eodqfkdug dqg Nl|rwdnl +4<;:, dqg Edoo dqg
Urphu +4<;</ 4<<3/ 4<<4,1 Wkh wklug vhfwlrq ghulyhv rxu pdlq uhvxowv zkloh wkh
irxuwk vhfwlrq frqfoxghv1
5W k h P r g h o
Wkh hfrqrp| lv srsxodwhg e| d frqwlqxxp ri krxvhkrogv lqgh{hg e|  dqg glv0
wulexwhg xqlirupo| rq dfco1 Wkhuh lv d frqwlqxxp ri jrrgv lqgh{hg e|  5 dfco1














￿ c f 	>	 c : f c +4,
zkhuh S￿￿ lv frqvxpswlrq ri jrrg / ,￿ lv wkh qxpehu ri zrunlqj krxuv/ > lv wkh
uhflsurfdo ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq dq| wzr jrrgv +ru/ htxlydohqwo|/
wkh Ohuqhu lqgh{,/ dqg  lv wkh uhflsurfdo ri wkh hodvwlflw| ri pdujlqdo glvxwlolw| ri
zrun zklfk/ lq wklv irupxodwlrq/ fruuhvsrqgv wr wkh oderu vxsso| hodvwlflw|1
Wkh exgjhw frqvwudlqw ri krxvhkrog  lv jlyhq e|
] ￿
￿’f
R￿S￿￿_  ￿,￿  A￿ E￿,￿n
] ￿
￿’f
Z￿￿_ n 7￿  U￿c +5,
5zkhuh R￿ ghqrwhv wkh sulfh ri jrrg / ￿ ghqrwhv wkh zdjh udwh/ A￿ E lv d glhu0
hqwldeoh dqg lqfuhdvlqj zdjh wd{ ixqfwlrq/ Z￿￿ lv oxps0vxp glylghqgv qhw ri wd{
rewdlqhg rq vkduhv lq up /d q g7 ￿lv oxps0vxp wudqvihuv zklfk duh dgmxvwhg wr
edodqfh wkh jryhuqphqw exgjhw15
Wkh w|sh ri oderu vxssolhg e| dq| jlyhq zrunhu lv lpshuihfwo| vxevwlwxwdeoh iru
wkh oderu vxsso| ri rwkhu zrunhuv/ ohdylqj hdfk zrunhu zlwk vrph prqrsro| srzhu
lq wkh oderu pdunhw1 Dffruglqjo|/ krxvhkrog  pd{lpl}hv +4, zlwk uhvshfw wr S￿￿/ ,￿/
dqg ￿ vxemhfw wr htxdwlrq +5, dqg wkh grzqzdug vorslqj oderu ghpdqg vfkhgxoh
ri upv1
Wr dqdo|}h wkh hhfwv ri qrplqdo glvwxuedqfhv/ zh lqwurgxfh prqh| lqwr wkh
prgho1 Iroorzlqj Edoo dqg Urphu +4<;</ 4<<3/ 4<<4,/ zh dvvxph wkdw vrph wudqvdf0
wlrqv whfkqrorj|/ iru h{dpsoh d fdvk0lq0dgydqfh frqvwudlqw/ ghwhuplqhv wkh uhodwlrq
ehwzhhq djjuhjdwh vshqglqj dqg prqh| edodqfhv
] ￿
￿’f
U￿_ ' 6 +6,
Rq wkh surgxfwlrq vlgh ri wkh hfrqrp|/ zh kdyh d frqwlqxxp ri upv lqgh{hg











c f 	k	 c f	4	 c +7,
zkhuh ,￿￿ lv lqsxw ri oderu ri w|sh / 4 lv wkh uhflsurfdo ri wkh hodvwlflw| ri vxevwlwxwlrq
ehwzhhq dq| wzr w|shv ri oderu +l1h1 wkh Ohuqhu lqgh{,/ dqg k ghwhuplqhv wkh
krprjhqhlw| ri wkh surgxfwlrq ixqfwlrq1 Surwv ri up  duh jlyhq e|
















zkhuh AR E dqg ARo E duh glhuhqwldeoh dqg lqfuhdvlqj ixqfwlrqv/ ghqrwlqj surw
dqg sd|uroo wd{hv/ uhvshfwlyho|1 Hdfk up lv vhoolqj d surgxfw zklfk lv dq lpshuihfw
vxevwlwxwh iru wkh rxwsxw ri rwkhu upv/ lpso|lqj wkdw hdfk up kdv vrph prqrsro|
srzhu lq wkh jrrgv pdunhw1 Wkxv/ up  pd{lpl}hv +8, zlwk uhvshfw wr R￿/ +￿/d q g
, ￿￿ vxemhfw wr htxdwlrq +7, dqg wkh jrrgv ghpdqg ixqfwlrq ri krxvhkrogv1
5Udwkhu wkdq xvlqj oxps vxp wudqvihuv wr edodqfh wkh exgjhw/ zh frxog rewdlq vlplodu uhvxowv
e| lqfoxglqj jryhuqphqw sxufkdvhv1
6Iurp wkh uvw rughu frqglwlrqv ri wkh zdjh dqg sulfh vhwwhuv dv zhoo dv wkh
v|pphwu| ri wkh prgho/ lpso|lqj wkdw R￿ ' R ; dqg ￿ '  ;/z hj h ww k h

















zkhuh |￿  A ￿
￿ E/ |R  A ￿
R E/d q g| Ro  A￿
Ro E ghqrwh pdujlqdo wd{ udwhv1 Wkh
uvw ehvw ohyho ri surgxfwlrq *k lv rewdlqhg dv wkh Ohuqhu lqglfhv/ > dqg 4/d v
zhoo dv wkh wd{ udwhv jr wr }hur1 Dv lq vwdqgdug Qhz Nh|qhvldq prghov/ djjuhjdwh
surgxfwlrq lv ehorz lwv uvw ehvw ohyho gxh wr lpshuihfw frpshwlwlrq lq jrrgv dqg
oderu pdunhwv1 Lq wkh suhvhqw prgho/ wkh h{lvwhqfh ri glvwruwlrqdu| wd{dwlrq dovr
kdpshuv wkh lqfhqwlyhv wr sduwlflsdwh lq hfrqrplf dfwlylw|/ wkhuhe| prylqj rxwsxw
ixuwkhu ehorz wkh uvw ehvw ohyho1
Dowkrxjk sulfhv duh ixoo|  h{leoh/ wkh prgho grhv qrw ihdwxuh prqh| qhxwudolw|
xqohvv zh lpsrvh dgglwlrqdo frqvwudlqwv rq wkh wd{ v|vwhp1 Wklv lv ehfdxvh wd{ sd|0
phqwv ghshqg rq qrplqdo lqfrph1 Li/ iru lqvwdqfh/ pdujlqdo wd{ udwhv duh lqfuhdvlqj
ixqfwlrqv ri qrplqdo wd{ edvhv/ srvlwlyh prqhwdu| glvwxuedqfhv zloo pryh djhqwv xs
lq kljkhu wd{ eudfnhwv/ wkhuhe| uhgxflqj hfrqrplf lqfhqwlyhv dqg djjuhjdwh rxwsxw1
Wr dyrlg vxfk hhfwv/ zh dvvxph lq wkh iroorzlqj wkdw wkh wd{ v|vwhp lv olqhdu lq wkh
qhljkerukrrg ri wkh lqlwldo htxloleulxp/ l1h1 |￿/ |R/d q g| Ro duh wuhdwhg dv frqvwdqwv1
Zkloh wklv dvvxpswlrq h{foxghv wkh srvvlelolw| ri frqwlqxrxvo| lqfuhdvlqj pdujlqdo
wd{ udwhv/ lw grhv qrw h{foxgh wd{ surjuhvvlylw| dv pdujlqdo wd{ udwhv pd| yhu| zhoo
eh kljkhu wkdq dyhudjh wd{ udwhv16
6 Wd{dwlrq/ Qrplqdo Uljlglwlhv dqg Ioxfwxdwlrqv
Qrz zh lqwurgxfh oxps vxp frvwv dvvrfldwhg zlwk wkh dgmxvwphqw ri sulfhv dqg
zdjhv1 Lq wkh suhvhqfh ri vxfk dgmxvwphqw frvwv/ vr0fdoohg phqx frvwv/ wkh htxlole0
ulxp pd| lqyroyh uljlglw| ri sulfhv dqg zdjhv/ lpso|lqj wkdw fkdqjhv lq qrplqdo
6Wkh lqwurgxfwlrq ri frqwlqxrxvo| lqfuhdvlqj pdujlqdo wd{ udwhv zrxog/ fhwhulv sdulexv/ uhgxfh
wkh ghjuhh ri sulfh dqg zdjh uljlglw|1 Krzhyhu/ uhdo zruog wd{ v|vwhpv gr qrw lqyroyh vxfk
qrq0olqhdulwlhv exw duh/ udwkhu/ slhfhzlvh olqhdu1 Frqvhtxhqwo|/ rqo| d plqru iudfwlrq ri shrsoh
h{shulhqfh fkdqjhv lq pdujlqdo wd{ udwhv gxulqj hfrqrplf  xfwxdwlrqv/ lpso|lqj wkdw wkh h￿hfw
iru wkh uhsuhvhqwdwlyh djhqw lv olnho| wr eh vpdoo1 Iru wkh dyhudjh XV krxvhkrog wkh pdujlqdo
wd{ udwh uhvsrqvh rid4s h u f h q wl q f u hdvh lq lqfrph lv 313; shufhqwdjh srlqwv +vhh Dxhuedfk dqg
Ihhqehuj/ 5333,1 Rxu fdofxodwlrqv vkrz wkdw dq hodvwlflw| ri wklv pdjqlwxgh zloo kdyh d qhjoljleoh
h￿hfw rq sulfh dqg zdjh uljlglw|1
7ghpdqg jlyh ulvh wr  xfwxdwlrqv lq uhdo yduldeohv1 Wkh nh| lqvljkw ri Qhz Nh|0
qhvldq Hfrqrplfv lv wkdw vpdoo phqx frvwv duh vx!flhqw wr jhqhudwh prqhwdu|
qrq0qhxwudolw| zkloh wkh uhvxowlqj  xfwxdwlrqv lqyroyh odujh hhfwv rq zhoiduh1 Lq
wklv vhfwlrq zh vkrz wkdw wd{dwlrq plwljdwhv wkh plqlpxp hhfwlyh phqx frvwv hyhq
ixuwkhu dqg/ dw wkh vdph wlph/ pdjqlhv wkh zhoiduh frqvhtxhqfhv ri pdfurhfrqrplf
 xfwxdwlrqv1
Iluvw/ zh ghulyh wkh ohyhov ri phqx frvwv ri upv dqg zrunhuv wkdw duh vx!flhqw
wr pdnh sulfh dqg zdjh uljlglw| d Qdvk0htxloleulxp1 Iru wkh upv wr nhhs sulfhv
{hg/ phqx frvwv pxvw eh juhdwhu wkdq ru htxdo wr wkh orvv lq surwv uhvxowlqj iurp
qrq0dgmxvwphqw ri sulfhv1 Iroorzlqj wkh vwdqgdug dssurdfk/ zh dssur{lpdwh wkh
surw orvv e| pdnlqj d vhfrqg rughu Wd|oru h{sdqvlrq rq wkh surw ixqfwlrq durxqg
wkh lqlwldo htxloleulxp1 Wklv jlyhv +vhh Dsshqgl{ E,
us * E  |R
E  k
2 E  >






zkhuh wkh orvv lv phdvxuhg lq sursruwlrq ri up uhyhqxh1
Dqdorjrxvo|/ zrunhuv fkrrvh wr krog zdjhv frqvwdqw li phqx frvwv duh juhdwhu
wkdq ru htxdo wr wkh orvv lq xwlolw| uhvxowlqj iurp qrq0dgmxvwphqw1 E| pdnlqj d
vhfrqg rughu Wd|oru dssur{lpdwlrq rq wkh lqgluhfw xwlolw| ixqfwlrq durxqg wkh lqlwldo
htxloleulxp/ lw fdq eh vkrzq wkdw wkh xwlolw| orvv ri qrq0dgmxvwphqw lq sursruwlrq
ri wkh wrwdo zdjh eloo htxdov +vhh Dsshqgl{ F,








E| vlpsoh lqvshfwlrq ri htxdwlrqv +:, dqg +;,/ zh pd| vwdwh wkh iroorzlqj sursrvl0
wlrq1
Sursrvlwlrq 4 +l, Wkh phqx frvwv uhtxluhg iru sulfh uljlglw| duh ghfuhdvlqj lq wkh
surw wd{/ |R/ dqg lqghshqghqw ri wkh zdjh wd{/ |￿/ dqg wkh sd|uroo wd{/ |Ro1 +ll, Wkh
phqx frvwv uhtxluhg iru zdjh uljlglw| duh ghfuhdvlqj lq wkh zdjh lqfrph wd{/ |￿/d q g
lqghshqghqw ri wkh surw wd{/ |R/ dqg wkh sd|uroo wd{/ |Ro1
Wkh lpsolfdwlrq ri Sursrvlwlrq 4 lv wkdw wkh suhvhqfh ri wd{dwlrq/ iru d jlyhq ohyho
ri phqx frvwv/ lqfuhdvhv wkh udqjh ri qrplqdo ghpdqg vkrfnv ohdglqj wr  xfwxdwlrqv
lq uhdo yduldeohv1 Lq rwkhu zrugv/ zdjh wd{dwlrq lqfuhdvhv wkh ghjuhh ri zdjh uljlglw|
zkloh wd{dwlrq ri surwv lqfuhdvhv wkh ghjuhh ri sulfh uljlglw|1
8Rxu irupxodwlrq ri wkh wd{ v|vwhp doorzv iru vwxg|lqj rwkhu w|shv ri wd{hv vxfk
dv d ydoxh dgghg wd{/ |￿/ ru d wd{ rq up uhyhqxhv +vdohv wd{,/ |-1 D ydoxh dgghg
wd{ fruuhvsrqgv wr d jhqhudo lqfrph wd{/ l1h1 |￿ ' |R ' |￿ dqg |Ro 'f /z k l f k
lpsolhv pruh uljlglw| lq erwk sulfhv dqg zdjhv1 D up uhyhqxh wd{ fruuhvsrqgv wr d
xqlirup udwh rq surwv dqg sd|uroov/ l1h1 |R ' |Ro ' |-/ dqg dffruglqj wr Sursrvlwlrq
4 vxfk d wd{ v|vwhp lqfuhdvhv wkh ghjuhh ri sulfh uljlglw| zkloh ohdylqj zdjh uljlglw|
xqdhfwhg1
Lw lv lqwhuhvwlqj wkdw vrph ri wkh edvlf htxlydohqfh dqg qhxwudolw| uhvxowv iurp
wkh wkhru| ri wd{dwlrq euhdn grzq rqfh zh dffrxqw iru wkh suhvhqfh ri qrplqdo
uljlglwlhv1 Lq d iulfwlrqohvv hfrqrp|/ d zdjh wd{ lv htxlydohqw wr d sd|uroo wd{ lq
whupv ri wkh hhfwv rq htxloleulxp uhvrxufh doorfdwlrq dqg/ olnhzlvh/ wkhuh lv qr
glhuhqfh ehwzhhq d wd{ rq up uhyhqxhv dqg d jhqhudo lqfrph wd{1 Krzhyhu/ lq
wkh suhvhqfh ri qrplqdo lpshuihfwlrqv lw ehfrphv lpsruwdqw zkr sd|v wkh wd{/ upv
ru zrunhuv/ dqg dffruglqjo| wkhvh wd{hv kdyh glhuhqw lpsolfdwlrqv iru wkh ghjuhh ri
qrplqdo uljlglw|1 Pruhryhu/ wkh uhvxow wkdw d wd{ rq sxuh surwv lv qhxwudo iru wkh
uhvrxufh doorfdwlrq qr orqjhu krogv1 E| lqfuhdvlqj wkh ghjuhh ri sulfh uljlglw|/ wkh
lpsrvlwlrq ri surw wd{hv kdv uhdo lpsolfdwlrqv iru wkh hfrqrp|1
Li phqx frvwv duh vx!flhqwo| odujh/ d fkdqjh lq qrplqdo ghpdqg zloo dhfw
surgxfwlrq/ hpsor|phqw/ dqg zhoiduh1 Wkh hhfw rq zhoiduh ri d fkdqjh lq wkh
prqh| vwrfn lv ghulyhg e| pdnlqj d vhfrqg rughu Wd|oru dssur{lpdwlrq rq +4,
durxqg wkh lqlwldo htxloleulxp1 Dv vkrzq lq Dsshqgl{ G/ wkh zhoiduh hhfw lq



















Frqvlghu/ iru h{dpsoh/ d srvlwlyh ghpdqg vkrfn1 Wkhq wkh uvw frpsrqhqw rq wkh
uljkw kdqg vlgh lv wkh lqfuhdvh lq zhoiduh uhvxowlqj iurp pruh frqvxpswlrq zkloh wkh
vhfrqg frpsrqhqw frqvwlwxwhv wkh orvv lq zhoiduh gxh wr dq lqfuhdvh lq wkh qxpehu ri
zrunlqj krxuv1 Dv surgxfwlrq lv ehorz lwv uvw ehvw ohyho/ d srvlwlyh ghpdqg vkrfn
errvwv wrwdo zhoiduh/ lpso|lqj wkdw wkh uvw frpsrqhqw zloo dozd|v eh qxphulfdoo|
odujhu wkdq wkh vhfrqg frpsrqhqw1 Wkhuhiruh/ zh fdq vwdwh wkh iroorzlqj sursrvlwlrq
rq wkh zhoiduh frqvhtxhqfhv ri qrplqdo glvwxuedqfhv1
Sursrvlwlrq 5 Ioxfwxdwlrqv lq zhoiduh duh lqfuhdvlqj lq wkh zdjh lqfrph wd{/ |￿/
wkh sd|uroo wd{/ |Ro/ dqg wkh surw wd{/ |R1
9Wkh lqwxlwlrq ehklqg Sursrvlwlrq 5 lv hdv| wr judvs1 Wkh suhvhqfh ri glvwru0
wlrqdu| wd{dwlrq pryhv wkh htxloleulxp ohyho ri dfwlylw| ixuwkhu ehorz lwv uvw ehvw
ohyho1 Ehfdxvh ri wkh frqfdylw| ri wkh xwlolw| ixqfwlrq/ d uhgxfwlrq lq wkh htxloleulxp
ohyho ri dfwlylw| lqfuhdvhv wkh vorsh ri xwlolw|1 Dffruglqjo|/ wkh lqwurgxfwlrq ri d wd{
v|vwhp lpsolhv wkdw  xfwxdwlrqv lq frqvxpswlrq dqg hpsor|phqw wdnh sodfh zkhuh
wkh xwlolw| ixqfwlrq lv vwhhshu wkdq lw zrxog rwkhuzlvh kdyh ehhq1
Qrwh dovr wkdw lq wkh devhqfh ri sd|uroo wd{hv/ wkh hhfw rq zhoiduh lv lqghshqghqw
ri surw wd{hv1 Wklv lv ehfdxvh wd{hv rq sxuh surwv/ lq wklv fdvh/ gr qrw dhfw
wkh htxloleulxp ohyho ri dfwlylw|1 Ilqdoo|/ d fruroodu| rq wkh deryh sursrvlwlrq lv
wkdw ydoxh dgghg wd{hv +l1h1 |￿ ' |R ' |￿ dqg |Ro 'f , dqg uhyhqxh wd{hv +l1h1
|R ' |Ro ' |-, dovr pdjqli| wkh  xfwxdwlrqv lq zhoiduh/ zklfk lv vhhq e| lqvhuwlqj
wkh uhvshfwlyh ghqlwlrqv lq htxdwlrq +<,1
7F r q f o x v l r q
Wkh olqndjh ehwzhhq wd{dwlrq dqg exvlqhvv f|fohv lv pruh frpsoh{ wkdq suhylrxvo|
wkrxjkw1 Lq d zruog ri lpshuihfw frpshwlwlrq dqg qrplqdo iulfwlrqv/ wd{dwlrq zloo
dhfw wkh sulfh dqg zdjh vhwwlqj ghflvlrqv ri upv dqg zrunhuv1 Lq wkh zlgho| xvhg
Qhz Nh|qhvldq iudphzrun/ zh kdyh vkrzq wkdw wd{hv dfw dv dxwrpdwlf ghvwdelol}0
huv1 Iluvwo|/ wd{hv ghvwdelol}h e| lqfuhdvlqj wkh ghjuhh ri zdjh dqg sulfh uljlglw|
dqg/ vhfrqgo|/ wkh suhvhqfh ri wd{dwlrq pdjqlhv wkh zhoiduh frqvhtxhqfhv ri qrp0
lqdo glvwxuedqfhv1 Wkhvh uhvxowv duh lq vkdus frqwudvw wr Djhoo dqg Glooìq +4<<7,
zkr fodlp wkdw surjuhvvlyh wd{hv zloo pdnh upv pruh surqh wr sulfh dgmxvwphqwv/
lpso|lqj ohvv yrodwlolw| lq rxwsxw dqg zhoiduh1
Rxu qglqjv duh dovr dw rggv zlwk wkh rog Nh|qhvldq lghd wkdw wd{hv vhuyh dv
dxwrpdwlf vwdelol}huv1 Qrwh/ krzhyhu/ rqh lpsruwdqw glhuhqfh ehwzhhq rxu prgho
dqg wkh wudglwlrqdo Nh|qhvldq { sulfh prghov1 Zh dvvxph/ olnh Djhoo dqg Glooìq
+rs1flw1,/ wkdw wkh jryhuqphqw nhhsv d edodqfhg exgjhw/ vr wkdw wkh wudglwlrqdo
hhfw ri wd{hv rq hhfwlyh ghpdqg lv qhxwudol}hg1 Dffruglqjo|/ rxu vroh irfxv lv
rq wkh vxsso| vlgh hhfw ri wd{dwlrq zkhuhdv wkh wudglwlrqdo Nh|qhvldq dssurdfk
frqfhqwudwhv hqwluho| rq wkh ghpdqg vlgh hhfw1 Lq uhdolw|/ wkh hhfw ri wd{dwlrq
rq  xfwxdwlrqv zloo eh d pl{wxuh ri wkh vxsso| vlgh hhfwv/ vwuhvvhg e| wkh suhvhqw
sdshu/ dqg wkh frqyhqwlrqdo ghpdqg vlgh hhfw1
:Uhihuhqfhv
^4` Djhoo/ M1 dqg P1 Glooìq +4<<7,/ Pdfurhfrqrplf h{whuqdolwlhv1 Duh Sljrxyldq
wd{hv wkh dqvzhuB/ Mrxuqdo ri Sxeolf Hfrqrplfv/ yro1 86/ ss1 4444591
^5` Dxhuedfk/ D1M1 dqg G1 Ihhqehuj +5333,/ Wkh Vljqlfdqfh ri Ihghudo Wd{hv dv
Dxwrpdwlf Vwdelol}huv/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/y r o7 /q r 16 /s s 11
^6` Edoo/ O1 dqg G1 Urphu +4<;<,/ Duh Sulfhv Wrr Vwlfn|B/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ yro1 437/ ss1 83:08571
^7` Edoo/ O1 dqg G1 Urphu +4<<3,/ Uhdo Uljlglwlhv dqg wkh Qrqqhxwudolw| ri Prqh|/
Uhylhz ri Hfrqrplf Vwxglhv/ yro1 8:/ ss1 4;605361
^8` Edoo/ O1 dqg G1 Urphu +4<<4,/ Vwlfn| Sulfhv dv Frruglqdwlrq Idloxuh/ Dphulfdq
Hfrqrplf Uhylhz/ yro1 ;4/ qr1 6/ ss1 86<08851
^9` Eodqfkdug/ R1 M1/ dqg Q1 Nl|rwdnl +4<;:,/ Prqrsrolvwlf Frpshwlwlrq dqg wkh
Hhfwv ri Djjuhjdwh Ghpdqg/ Dphulfdq Hfrqrplf Uhylhz/ yro1 ::/ ss1 97:0
9991
^:` Gxwwd/ V1/ P1 Ehujhq/ G1 Ohy|/ dqg U1 Yhqdeoh +4<<<,/ Phqx Frvwv/ Srvwhg
Sulfhv/ dqg Pxowlsurgxfw Uhwdlohuv/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/
yro1 64/ qr1 7/ ss1 9;60:361
^;` Ohy|/ G1/ P1 Ehujhq/ V1 Gxwwd/ dqg U1 Yhqdeoh +4<<:,/ Rq wkh Pdjqlwxgh ri
Phqx Frvwv= Gluhfw Hylghqfh iurp Odujh X1 V1 Vxshupdunhw Fkdlqv/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/y r o 14 3 5 /q r 16 /s s 1: < 4 0 ; 5 8 1
^<` Urphu/ G1 +4<<6,/ Wkh Qhz Nh|qhvldq V|qwkhvlv/ Mrxuqdo ri Hfrqrplf Shu0
vshfwlyhv/ yro1 :/ qr1 4/ ss1 80551
;D Ghulydwlrq ri Htxdwlrq +9,
Zh vwduw e| ghulylqj wkh djjuhjdwh ghpdqg iru jrrg 1 E| pd{lpl}lqj +4, vxemhfw

















Q h { w /z h q gw k hg h p d q gi r uz r u n h u vr iw | s he| vroylqj wkh frvw plqlpl}dwlrq

















Wkhq zh lqvhuw htxdwlrqv +7,/ +43,/ dqg +44, vr dv wr jhw wkh lqgluhfw surw ixqfwlrq
































































































Wkh djjuhjdwh ghpdqg iru wkh oderu ri zrunhu  lv ghulyhg iurp htxdwlrq +44, dqg


































































D v|pphwulf htxloleulxp vdwlvhv ￿ '  ; dqg R￿ ' R ;1X v l q j w k l v d q g














E Ghulydwlrq ri Htxdwlrq +:,
Wkh surw orvv ri qrq0dgmxvwphqw lv ghulyhg e| pdnlqj d vhfrqg rughu Wd|oru h{0
sdqvlrq rq +45, durxqg wkh lqlwldo htxloleulxp/ dvvxplqj wkdw rwkhu upv gr qrw
fkdqjh wkhlu sulfhv dqg wkdw zrunhuv nhhs zdjhv {hg1
Li up  fkrrvhv qrw wr dgmxvw lwv sulfh/ surwv htxdo
Z
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zkhuh Zf lv surwv lq wkh lqlwldo htxloleulxp dqg Z2 dqg Z22 duh ghulydwlyhv ri +45,













Wkh orvv ri qrq0dgmxvwphqw lv irxqg e| vxewudfwlqj Z￿ iurp Z￿ dqg xvlqj wkh
hqyhorsh wkhruhp/ l1h1 Z￿ 'f =
_Z ' Z
￿  Z





Glhuhqwldwlqj +45, dqg xvlqj wkh idfw wkdw Z￿ 'fdqg R￿ ' R ; lq wkh lqlwldo
htxloleulxp/ zh rewdlq













































43E| lqvhuwlrq ri wkh wkuhh deryh htxdwlrqv lq +4:,/ zh jhw
_Z * E  |R
E  k
2 E  >







Ilqdoo|/ e| phdvxulqj wkh orvv uhodwlyh wr up uhyhqxh/ R￿+￿ ' 6/ zh rewdlq htxdwlrq
+:,1
F Ghulydwlrq ri Htxdwlrq +;,
Uhdvrqlqj dqdorjrxv wr wkh ghulydwlrq ri +4:, lpsolhv wkdw wkh xwlolw| orvv iurp qrw
dgmxvwlqj wkh zdjh/ ￿/ pd| eh dssur{lpdwhg e|





zkhuh ￿2 dqg ￿￿ duh ghulydwlyhv ri htxdwlrq +48, hydoxdwhg lq wkh lqlwldo htxloleulxp1
Glhuhqwldwlqj +48, dqg xvlqj wkh idfw wkdw ￿ 'fdqg ￿ '  ; lq wkh lqlwldo
htxloleulxp/ zh rewdlq





































E| lqvhuwlrq ri wkh wkuhh deryh htxdwlrqv lq +4;,/ zh rewdlq










E| phdvxulqj wkh orvv lq sursruwlrq ri uhdo zdjh lqfrph/ ,*R/ zh rewdlq htxdwlrq
+;,1
G Ghulydwlrq ri Htxdwlrq +<,

























44zkhuh wkh odvw htxdolw| iroorzv iurp wkh surgxfwlrq ixqfwlrq +7, dqg wkh idfw wkdw
,￿￿ ' , ;c dqg +￿ ' + ' 6*R ; lq htxloleulxp1 D vhfrqg rughu Wd|oru h{sdqvlrq




































































E| lqvhuwlrq ri 6*R ' + dqg +9, lq wkh deryh htxdwlrq dqg phdvxulqj wkh fkdqjh
lq zhoiduh lq sursruwlrq ri djjuhjdwh lqfrph/ zh rewdlq htxdwlrq +<,1
45